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(57)Abstract: 

PURPOSE: To develop a high strength steel having 
superior yield strength and resistance to delayed fracture 
by subjecting an Ni-Cr-Mo low alloy steel containing 
trace constituents of various kinds to heat treatment 

under specific conditions. .-^ - ^ \c.-j r \je . , 

CONSTITUTION: The low alloy steel contains, by T ; ^ L ^ ^ ( K } . 

weight, 0.15W0.45% C, <1.50% Si, 0.01W1.50% Mn, ' ' ^^^f^ (fiJ ^ ^ 

0.10W4.00% (not including 0.10%) Ni, 0.50W2.00% Cr, 

either or both of Mo and W in the amount satisfying 

Mo+1/2W=0.30W1.50%, 0.01W0.20% V, 0.005W0.20% 

Nb, 0.01W0.15% Zr and 0.01W0.10% Al, to which 

specific small amounts of Cu, Ca, Ti and B are further 

added independently or in combination. This steel is 

subjected to hardening from the temp, of AC3 point or 

above and then to tempering from the temp, between 580° and AC1 point under the condition 
that PLM represented by expression (1) is 16.8x103 or more. In this way, the steel stock 
having austenite grains of ASTM No. 8. 5 or above, excelling in resistance to delayed fracture 
and suitable for ultra-high strength oil well pipes can be obtained. 
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m m & 

(1) a 1 % t? , 

C : 0. 15-0, 45%s 
Si : 1. 50 % lilf. 
Mn : 0. 01-1. 50%, 

Ni : 0. 10%~4.fl0 9« (^:«L,0. lOJffr^Sr ) , 
Cr : 0..50~2. 00%, 

Mo+ /zWT'O. 30 -1.50 %, 
V : 0.01-0.20%, 
Nb : 0. 005 -0,20 %, 
It : 0. 01-0. 15%, 
Al : 0. 01-0. 10% 



Plh= T (20 + log t ) 
T : ^mtSiS. ( ' K ) , 
t : iSf^^lffl (hr ) , 

(21 9a%T-, 

C : 0. 15-0. 45%, 

Si : 1, 50 % filT. 
.Mn : 0. 01-1. 50%, 

Ni : 0. 10 %-4. 00% L,0. lQ%^^tr ) , 

Cr : 0. 50 -2.00 %. 

Mo+ KWeO. 30-1. 50 %, 
V : 0.01-0.20%, 
Nb : 0. 00 5 -0. 20 %, 
Zr : 0. 01-0. 15%> 
Al : 0. 01-0. 10%, 
Cu : 1. 5%£IT 



K-ohc, M.PJ.T CO-&SS.r P xlO'-^mtz 
TMNaT 8. 5£l±®BSn^«tt®»n/;ii5^^ 

mo 
a L. 

Pl«= T (20 + log t ) 

T : mmLn^ts. ( • K ) , 

t : <afifB#Pa (hr) , 

(3) 11 

C : 0. I5~0. 45 56 , 

Si : 1. 50 9<jaT. 
Mn : 0.0 1 -1. 50 5^. 

Ni : 0. 10%~4. 0056(fcAf O-lOX^^^r) , 
Cr : fl.50~-2.00?«. 

Mo+ 14W-eO. 30-1. 50 96 . 

V : 0. 01 -0. 20 56. 
Nb : 0. 005 -0. 20 %, 
It : 0.01-0. 15%, 
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AI : 0. 01-0. 10%, 
Ti : 0. 01-0. 10% 

■efi-oAc,,4JilT©SlE"ePL«ai6.8xio=^?i/c 
TMKaT? 8. 5Jil±fflBSnffiatt©«nfclS55i« 

m o 

fib, 

Pt« = T (20 + log t ) 
T : ffiR LSt£ ( " K ) , 
t : (hr) , 

(4) «t%-P, 

C : 0. 15-0.45%, 
Si : 1.50S<£IT, 
Mn : fl. 01-1. 50%, 

Ni :fl.l0%-4. 00 56(fc/iL,0.10Si*^*-r) , 
Cr : 0. 50-2,00 %, 

Mo+ !/jW-e0.30~l. 50%, 



V : 0. 01-0. 20%, 
Nb -. 0. 005 -0. 20 %, 
Zr : 0. 01-0. 15%, 
Al : 0. 01-0. 10%, 
B : 0. 0003-0. 0050 % 

-efioAc, 6ui.TcDSS-e PLxkie. 8 xio'^-jgfc 

TMNa-? 8. 5ja±®HSnffi«1tcD»nfci«^« 

Plh = T (20 + log t ) 
T : fejg L£« ( ■ K ). , 
t : «j#fl#M (hr ) , 

(5) fi 1 % f? , 

C : 0. 15-0. 45%, 
Si : 1. 50%JJiT, 
Mn : 0.01-1.50%, 

Ni :0.10%-4.00%(fc/iL,0.10)«^^4r) , 



Cr : 0. 50 -2. 00 %, 

Mo+ J4W-t?0. 30 -1. 50 %, 
V : 0.01-0.20%, 
Nb : 0. 005-0. 20 %, 

Zr : 0.01-0, 15%, 
Al •: 0. 01-0, 10 % , 
Ca : 0. 001 - 0. 030 % 

Ac3^ja±iCinSlf*jffiAn^!n, -ErO^SBOtiyi 
T?m-oAc,,iili£(T<OfiSl? Plh2:16. BxlO'*?i/c 

{a L, 

Plk=T (20 + log t ) 

T : mmL&s. ( • K ) , 

t : ffijfJ^K (hr) , 

(6) sa%-e, 

C : 0. 15-0. 45%, 



Si : 1. 50 % HT. 
Mn : 0, 01 ~1. 50%, 

Ni : Q. 10 00% (/r^i L,0. lOX^-^^r ) , 

Cr : 0. 50-2. 00 56, 

Mo*/;tiWCOt,■'■rn!!^^-::^^ /c(i3XS : 
Mo+ /jWT-0. 30-1. 50 %, 

V : 0. 01-0. 20 % , 
Nb : 0. 005 -0. 20 % , 
Zr : 0. Ol-O. 15 % , 
AI ; 0. 01-0. 10 % 
Cu : 1. 5?6aT, 
Ti : 0, 01-0. 10%, 

TfioAc, * HTCDfiST PlkSIO. 8 X 10'^?S/c 
{0 L, 

Plii= T (20 + log t ) 
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T : )3SP LSS ( " K ) , 
t : {SSIl#Rfl (hr ) , 

(7) mm%-e. 

C : 0. 15-0. 45%, 
Si : 1. 50%aT, 
Mn : fl. 01-1. 50%, 

Ni :0.10%-4.00%(/:«L.0.10X*^*r) , 
Cr : 0. 50 -2. 00 %, 

Mo+ /zW-eO. 30 -1. 50 %, 

V : 0. 01-0.20%, 

Nb : 0. 005 -0. 20 %, 

Zr : 0.01-0. 15%, 

Al : 0.01-0.10% 

Cu : 1.5%JJIT, 

B : 0.0003 -0.0050 %, 

±-cm-OAc.^£lT®£ST? Pl-SIS. 8 xl0 = ^?i 



STMNa-t? 8. 5>:.(±Oiftiiniig«&®an^:iS?S 

Plk= T (20 + 1O8 t ) 
T : fe? g L fi « { ° K ) , 
t : i»^^m (hr ) , 

(8) 11%?, 

C : 0. 15-0. 45 % , 
Si : 1. 50 

Mn : 0.01-1. 50%, 

Ni :0.10%~4.00%(fc«L,0.10X*^*-r) , 
Cr : 0. 50 -2. 00 %, 

Mo^ /cdW CD l,^-rn;!p-:5 f/c 14 8^5 : 

Mo+ /z WTO. 30-1. 50 %, 
V : 0. 01-0. 20%, 
Nb : 0.005 -0.20 %, 
Zr : 0.01-0. 15%, 
Al : 0. 01-0. 10% 
Cu : 1.5%JilT, 
Ca : 0. 001 - 0. 030 %, 



Ac,,SJa±lcSDSi(fej3lSAn^( n, -Erffl^ 580 t:j£l 
±t?fi-^Ac, ^jyTCSS-e Pi«S16. 8 X10'*?« 

STMNa-e 8. 5J£i±®iHgn)S«1±cD«nfcjS^ 

(a L, 

Plk= T (ZO + Iog t ) 
T : jffiR LS* ( " K ) , 
t : «J#SfK (iir) , 

(9) sa%-e, 

C : 0. 15-0.45%, 
Si : 1.50%£iT, 

Mn : 0.01-1.50%, 

Ni : 0. 10%~4.00%(fc^L,0. lOX^^t -f) , 
Cr : 0. 50 -2. 00 %, 

Mo+ /sW-eO. 30-1. 50 %, 
V : 0. 01-0. 20%, 
Nb : 0. 005 -0. 20 %, 



—307— 



Zr : 0, 01-0. 15%s 

Al : 0. 01-0. 10% 

Cu : 1. 5%£IT. 

Ti : 0.01-0. 10%x 

B : 0.0003 -0.0050 96. 

{it, 

Pl. = T (20 + log t ) 

T : mmt-^s. ( • K ) , 

t : mW^m (hr) , 

C : 0. 15-0. 45%, 
Si : l.SO'iiiiT, 
Mn : 0.01-1.50%, 

Ni : 0. 10%-4.00%(/=/i L,0. 10X*^*r) , 
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Cr : 0. 50 -2.00 %. 

Ho+ /iW-^O.SO-l. 50%, 
V : 0.01-0. 20?6> 
Nh : 0. 005-0. 20 %, 
Zr : 0. OI~G. 15%, 
Al : 0. 01-0. 10% 
Cu : 1. 5%aT, 
Ti : 0. 01-0. 10%, 
Ca : 0.00 1 - 0.030 %, 

Ac,,.t>:i±lc:i)nSi*4SAnsn, -&o^580 t:a± 

-efioAc, ..^jyTOfi*-!? Plh &16. 8 xl0=^7i/c 

iHo 
{IL, 

Pl,.= T (ZO + log t ) 
T : iSSKLSa ( ' K ) , 
t : <»SF^ffl (hr) , 



(11) «S%-e, 

C : 0. 15-0. 45%, 
Si : 1.50%J^iT, 
Mn : O.fll-l. 50%, 

Ni : 0. 10%~4.00%(fc/iL,0.10X«-#*-r) , 

Cr : 0. 50 -2. 00 %, 

l(o+J/4W-eO. 30 -1. 50 %, 
V : 0. 01-0. 20%, 
Nb : 0. 005 -0. 20 %, 

Zr : 0. 01-0. 15 % , 
Al : 0. 01-0. 10 % 
Cu : 1. 5 % £IT, 
B : 0. 0003 -0. 0050 %, 
Ca :0.001~ 0.030 %, 

Ac,,^ja±i:SDJ^ft{SAnd n, '&®?*58or0± 

-efl-oAc^^HTOSSt PL«ai6. 8 xlO'^jifc 
TMHa-p 8. 5a±®Hjinii«tt®®*ift:ig^^S 



PiH= T (20 + Iog t ) 
T : fijR LSa ( • K ) , 
t : SftD^ia (hr) , 

(12) ai%-e, 

C : 0. 15-0. 45 % , 
Si : 1. 50 % a'f, 
Mn : 0. 01-1. 50%, 

Ni : 0. 10%-4.00%(^:'iL.O. lOJj^-^^T) , 
Cr : 0. 50 -2. 00 %, 

Mo* fc(4W®(,''rn;0>-:;5t fcl4?X:5 : 

l!o+ /2 WfO. 30 -1. 50 %, 
•V : 0. 01-0. 20 % , 
Nb : 0. 005 -0. 20 %, 
Zr : 0.01-0. 15%, 
Al : 0.01-0. 10% 
Ti : 0.01-0. 10%, 
B : 0. 0003 -0. 0050 % , 
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Ac3 *Ji(±!cJa»tf^ffiAft$ ft, i omiQVKl± 
EL, 

Plh= T (20 + log t ) 
T : tSK LS« ( • K ) , 
t : {Sf#!l#F^ (hr) , 

(13) aft?6t?, ■ 

C : 0. 15-0. 45 %, 
Si : 1.50%jaT, 
Mn : 0. 01 -1. 50 96 , 

Ni : 0. 10 96 -4. 00 96 (fc^fL,0. 105(*ir*-r) , 
Cr : 0. 50 -2. 00 96 , 

Mo+ Yz W -PO. 30 -1. 50 96 , 
V : O.Ol-fl, 20%, 
Nb : 0. 005 -0. 20 56, 
Zr : 0. 01 -0. 15 96 , 
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Al : 0. 01-0. 10% 
Ti : 0. 01-0. 10 % . 
Ca : 0. 00 1 -0. 030 % , 

Ac3;aH±lCiDiS^j3SAn3 n, ^•<O*580 tJa± 
-ea-oActHTOSKT? Pl.SIO. 8xi0'^ji;t 

TMNa-? 8. 5ja±®Biin<K«14©«nfcit;?SK 
(EL, 

Pl«= T (20 + Iog t ) 
T : jSilLig* ( • K ) , 
t : %¥inf^ (hr) , 

(14) a«%t?, 

C : 0. 15 -0. 45 96 , 
Si : 1.50%jaT, 

Mn : 0. 01-1. 50 % , 

Ni : 0. 10 96~4.00%{7t7'it,0. 103i^^* f) , 
Cr ; 0. 50-2. 00 %, 





Ho+ i4 W -eO. 30-1 


V 


: 0. 01-0.20%, 


Nb 


: 0. 005-0. 20 %, 


Zr 


: 0. 01-0. 15% , 


Al 


: 0. 01-0. 10 % 


Ti 


• 0. 01-0. 10 %, 


B 


0. 0003 -0.0050 %, 


Ca 


0. 001 -0. 030 96 , 



.50%, 



t? A c , H T 0 g S 7? P . , S 1 6 . 8 X 1 0 ' * ?i 

(a L, 

Pl» = T (20 + log t ) 
T : KSK LSS ( • K ) , 
t : l^Wnm (hr) , 

(15) ai%-e, 

C : 0. 15-0. 45 %, 



Si : 1. 50%JiiT, 
Mn : 0.01-1. 50%, 

Ni : 0. 10%-4.00%(fc«L,0. 105j^^t-r) , 
Cr : 0. 50 -2.00 %, 

Mot f;l4W®l,^Tft:«^-St/cli?KS : 





Mo+ /z W T-0. 30 -1. 50 %, 


V 


: 0.01-0.20%, 


Nb 


: 0. 005-0.20 %, 


Zr 


: 0. 01-0. 15%, 


Al 


: 0. 01-0. 10% 


B 


0. 0003 -0. 0050 %, 


Ca 


0. 00 1 -0. 030 %, 



1?fl-oAc,^jaiTfflfi^-I?P,,£16. 8 xlO'*?ifc 
TMNaT? 8.5Jei±®BJiiniSa!tt<0®n/;ii!^« 
(EL, 

Plk= T (20 + log t ) 
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T ; Ufi« ( ■ K ) , 
t : »J*B#ftg (hr) , 

(16) ^^TtMtl-X, 
C : 0. 15-0. 4596, 
Si : 1. 50% j-^T, 
Mn : 0.01-1.50 36, 

Ni : 0.1096-4.0096 (fc«L, 0. IflX 't^t 

f) . 
Cr : 0. 50 -2.00 96 , 

Mo+ /zW-eo. 30 -1. 50 96 , 
V : 0. 01-0. 20%, 
Nb : 0. 005 -0. 20 56, 
Zr : 0. 01 -0. 15 96 , 
Al : 0. 01-0. 1096 
Cu : 1. 5 96JeiT, 
Ti : 0 . 0 1 -0. 10 36 , 
B : 0.0003 -0.0050 36 , 
Ca : 0. 001 -0. 030 36, 
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-PE.-3AC, .^aTCDSST' P.H £16. 8 xl0=*7ifc 
TMNaT? 8. 5Ja±fflBan»Jiftffl{Snfci^?i!S 

(it, 

Plm= T (20 + log t ) 

T : mmLs.s. ( • K ) , 

t : UW^fS (hr) , 

3 . ^m(DmmumM 

ISOksi (105. 5l{gf /mm' ) ^m^i> 

Btt^* ( o.2?6»A) ^^L^-ommnmm^ 

5 or* So 

Sft*<«-:S®:6^b"i4(i'n5 J: 9 i: -5 r t c i 



If ffi « a « © 5 Ml 5^ !K X (c * T? BB 51 0 g A< [fij 

fiaj X. tt' 1 a T It , m^t< 15000 7 -{ - h a±i 

P^SiiiTiSCiJiFif^, i?* 1 - h^fcO 
O.Spsi (0. 3515gf /mm' ) ja Ji®ff AltSn*<Mii 

*ffl5 c i?!;*^ < ^j: o r ^ r i,-'5„ ;ifflJ;^fj:S 

«TT?S^ LfcfPU^ft/j: -5 IC fS, V- 150^7 

C S M Y S (Specified Mininuai Kield 
Strength, ffll* « /Jn S S ) *tl50ksi (105.5 
kgf/nin») ®Si6ri«l,^SK**-r5?i#t 

V- 150;!' 7 xH±<0iS5SS**r 



S J; £DTf« T fco * telega ffl-^ (4 

(Acidizing) Lr-a*±,[/S!i*^(Bl± LTI,^ 5 *<, 

IBNi - 5Mo-7. 5ColS^^®-7;ux -->- y 

^^as^* - t: T Hftffliis^^^js^^jaii, 

y^^fflll, Co^-^fLTl,i5®-C?3 7:hA<iS<, 



T-e^ffl ids c! nr i-i ■& I'"' fc ® * T 

tc » iin <se tes tt o IS ^ ?s ^ ^ * * n -c I, ^ 

5o LfrL^<£*<^>, ^#SSB85B-61Z19^(CI2«©*B 

CDSiS^jgjR-rSffl'^-t?* 0 s HC i- - T 
h V. S '.^ i* ^ ± li L ^ ffi iSJi + 
J) B a n « li 14 * % f 5 ^ i * ' - 

fits. 1#Mlia58-84960 ^(c:ia8CDjafc, W^-La 
IC J; P ©{iWaiSiJiCalC J: SSg^fciglBSSOSlJSlI 

ISOksi (105. 5kgf/miti') ^ffix.4 1^yt?S$^-^-r^ 
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iS5?iS8S*inft-r 5 c i * @ fi*i i r «i o 

-& nic J; -i, -C f# n 5 S »a i iff 14 i ® ffl o 1, ^ 

■5 /J a * if 5 ir 1 o gP "B . 

+ ^ tc J; r a A L jS * * Sgl! 0 Il4r 5 
;j--Xft^ 1- fitS^ A S T M NaT? 8.5a±£08H 

® n i« ® IE 4 Jfll SiJ 3 ^T- 5 - ** ^ = 



(c) mktiLfzm^ 58ot:ja±-c?Ac,,s>:iTOii5 

S-eP.»S16.8xlO' Cfi LPu- = T(20 + log t) 
T'. T : ffiS LfiS( • K) . t : Kf#B#Ra(hr) 3 

(d3 C : 0. !5~0. 45%^ Si : 1. 50%aT, Mn : 0.01 
~1.50%^^«.-a31C, -^^fiJtiJi L-T. Ni :0.10% 
-4.00% (fc/iL, 0. I0 96 *^r4r ) , Cr : 0. 50 
-2.00%, M0+14W : 0. 30 -1. 50 56 , V :0.01~ 
0.20%> Nb : 0. 005 -0. 20 % ^-^W^-ti-ntf, Acs 
^J£!±i=J[!.* tTJSAn®!*, 58Ot:0±t?Ac,.^ 

jiiT®s«r-fio±i2PLKeA' PLKai6.8 xio= 

(D A S T MNo.;5< 8.50±-C'Sn(f, l^tft^^f-eiSO 



ksi (105. 5kgf/iiini') ^a-riS5feS>!)<35S U-rJ# 

(e) d--:^T:^^ i-ttcaiaB^fciiiaftttt (PSt't?* 

* / §1 9g ?S $ ) * ± ^ * -t^-> ^ 1^ ^ 5S ^ C 

LT ?Mi^* 5 C i *<t S 5 <!: a 

f, t, »iinife«tt3t#l= WSEilt? * 5 C i ^ ^ = 

C : 0. 15-0. 45%, 
Si : 1. 50 % &lT. 
Mn : 0. 01~L. 50%, 

Ni : 0. 10%~4.00% (itti L . d. m ^^t 

r) , 

Cr : 0. 50 -2. 00 %, 

Mo* ;tl±WtDt^-rni^-J^/=li?X:5 : 

Mo+ '/z Wt?fl. 30-1. 50 %, 
V : 0.01-0.20%, 

Nb : 0, 005 ~0. 20% , 
Zr : O.fll-fl. 15%, 



—311 — 



i 



Al : 0. 01-0. 10%, 

^ ^ fi" L , 'i:- g ic: I© r s ic. 
H 1 : Cu : 1. 5 % HT 
i? 2 EiJ : Ti : 0. 01~0. 10% 
m 3 E:» : B : 0. 0003-0. 0050 % 
m 4 : Ca : 0. 001 -0. 030 % 

•i '<£ , Aca,iiH±CjDS,^ffi An $ n. irO^ 
580 t£(±T'Ac,,i;£ITfflSS-pao p,,,sie. 8 X 
10= [(B LP.»=T(20+log t)-e. T : iSKLS 
KCK), t : «f#NFF^(hr) J :$rji/c-r^#T-jffi 
m^tlfz, t-xfi-^ h &«:6< A S T M Na-Pg. 5 

± © B ii tnK « CD as n ?i s its ^- s {ft f 5 

(1) ^aan$:g3iiB£gti3 

C : C(SS3®6SA141iSD. ^«J§Jn (c Jnx. r 
«B^4^b®fci6IC fc=firSii/j:sS;i^-t?* i,i<, 0.15%* 



(8) 

0. 45%«-i*x.Tc^#*-r5 fiSAn 

< CiAMiC^tl^O. 15~fl.45%<!:^»fco 
Si: Si;iiH£D,KIKRc;?ii«*i?»'5c0ICi£!.|? 

Lt-Lfit^^b. Si ffl^^ra*<I. 50 % *Mx. S i 15 

1. 50% i Lfco 

«:fc-, ;i- - :x. f :(• -f 1- K ^- rJ R S«i (C /h ^? < L T , 
Biin<ftafe*-lf6]±$-a-5ft:86ICIiSi#*a 

*0.80%aTit-5ciA<!l?^ L < . W\Zi&pWm 

(Cli, (Si +Mn ) ©ffl^O. 80 %J^iTi-r ■£ C i;i< 



Mn : MnliliftiK. UK ffi O ii A 14 ® ["] ± IC 

'E-0±Pfi«-l. 50% i Lfco (£^^aSffi«-&, <SpH 

SlgTTCDjin««JSStt(£MCDfc»iC (S (Si + 

Mn^tfi*fl. 01 %*!Si t 4 C i iiJHfflii 
®±StoTffl^feiB t) , ^ h T 7 7"^ffl < c i 
^^-J. MnC^S-1^-0. 01-1. 50% i Lfco 

tzmmm'^^iiz lio. ifl%ia±cD!!SAD*<if * L(,% 

5 IC gg ft ^- In] ± * # 5 34 S ^ ^ r 5 S * T? * 5 ;!)< , 

0. 10 % ja T -p li ^- n ® 5i s f# n 1,^ „ 

iD (4 ^ ,^ * A f 1 C {£ T $ -th 5 » iS! S {)S ^ L 

c i i 5o f*-,T, Nifflt-fiiEllO 
±ffi^4.00%iLT, ^ffS^O. 10%~4. 00% 
( fc^ L, 0. 10%?-^* T) t LtCo 



Cr : CrliSilOfeiAft, ?^«St/*ftK L. I^^fcffi 

^#a*< 0. 5%*?i-eii*giBf'pffliCRffaffl3as^ 

f^S :ii*^T't1\ -S. 2. 00%^iSx.r^^r^t 
CiA^^jO. 50-2. flO%i L/Co 

i5ft. L-$^{tffitatt^JiA$#, 

lloi WfD^^llClB LT (Mo+i/jW) Tfitl^-r 
W A<HolcSt Lr)l?tA<«^ 2 f^-J?, ±12 

(Mo+ /2 W ) ffl«A<0. 30 %*ji-e«±i2ftil ic 
§rS®ailA<i# ^.nf , ffi^::®fl*q.50%*-|g 



—312— 



(«o+/jW) (DfiT'O. 3fl~l. 50% i Ufco 

CD^{b^ffl< c ti'i^>®"eO. 01 -0. 20 5<i Lfco 
: Nhl±i?£D5SS. SJ O [S] ± i ^ ^ L l» <fc 

ffittcD^^^, aes^btcst L.-c^&s^f L, »iin 

«f®ttCDlfi]±C)i*f 0. 005 % 

~0. 20% i Lfco 

L < ecs^-ti-5>?a*«-t-r5*<. 0.01%* 



?^rj3Bg 61-270355 (9) 
Sa tt 5^ ft * * T ® ■t?0. 0 1 ~0. 1 5 5^ i I- a 

Al : Al {±ffl®liaKCDS£ft, i4]Rft*- J: f/ai 
It <k la 5 ® C € a ^ *j 6 *< . 0, 0 1 % * ;i "f: li Fir 

soais^it 5 c- i A<-e s (tfi3\ 0. 10 % 

S®-C?0. 01-0. 10% i L/ic 

* 1. 5%*Mir^f -rs iiHiF^SDiffiA^^^ft-r 

5®-e^*iifflffl±ll* 1.55^iLfco MC, Cu 
^ 0. 5%a±i3s;jnr 5 i * !CI4|5l*J':i±®Ni ^i^ 

-SO. 10%*axrjSSat-6iilH4®^ft*fS< 
c i t 5 ©t?. 0.01-0. 10% ® 1511 i L/:o 



-T?*5o L35^L'P^.Ba*<0. 0003 %*S!T?I4'&® 
SSp*!)SA<f#li < s X, 0. 0050 9<4-IA;Lr^*S 
■ti- r Sn Si ^ X)< If! fo L r ^ n fil Ji ® 1# <4 IS] ± 5* 
Jl *< § 1\ i£ ic 15 14 © ^ ft ^ B ® n » 14 

0. 000 3 -0. 0050 % tbfZo 

jSigicfci,^-c, j£iij£;?iS]ii[ftSiS]®Stt^iS]± 
•(+ 5 ® (C iEii T' * 5 0. 0 0 1 96 * Si 1? (4 -e ® Sii 
W:ii^i^<bn-r. 14:5, 0. 030 % ^Sx 5 i, 

s*<«§ftir'S®^'j: ^--f , a-,T-tfflS!ftia^?® 

SnffiiaS^tt^iSfc 5 i i i 'X 5 p {i6-,T, 
CaO^^rSISil^O. 001 -0. 030SSi L/c„ 

(2) j^jias j:)i!£a:®i!B^ga 

P5f^?i* A<150ksi (105. Skgf/mm') *t4;t 



T? Si t L ft: ^ A r 0 .-s a ± ® S ^ ^> K IC ffi A n 

•e®^Ac,,i;aT®affi-efiSMr c i c J: 0 

KlLri--'5o L L U A< <i . BJgtSAnL/cP 
14 t - X t ha*<fflAT'«D (ASTM 

A^i-^o SAaaiiAnLfcfco®«-&(4, 

IC J; (3 "J la i -3 fco 

SPS, *%HJ^^I4. C, Si, Mn, Ni. Cr. Mo, 
W, V, Nb, Zr, Al ©^^lA'^I^BJ^lEllrtC 

£5ii'!r®i3«-ffl('^, .**,&a, mx^.mm. 

Xt:)--< haS^-^ftS-ti-, 450 - 650 t 

ft^iP, nOksi (119. 5kgf/ra(n') ifi ff O PS f;*i 5iS * 

(0. 2%Bt*) ^-s-rsiaassn/cfeoc-^ic^ 
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m 1 Ki(b)ic u y 7 ^moifm^TELtz^mt^^ i 

L, -ecoies^s 2 Hies L/co m2Hicfei,^r. 
X I ± ± §B ic *ij n % 4 ^ to n c i * * r „ 

S T M ,Vo. 8. 5*?S0^^IC liSS^ LfiK^lSj < L 
?ScD:a^(4d--zf:)-'f SteS'^-AST MMa-t?8. 5 

R L * 580 1 H ± -e f7 as IC SIJ |sS f •S o 

-e«5a jSIAn®fcii)OSDjftfiK ©±1114 



(10) 

&tL<^ ±i£ LfcJ: -3 ICftlifiSAtlMffi-e A S 

*?ilf3l4:^--:^fi-^ ht£jg^ASTMNo.T?8.5 

SA<,d--Xtd-'f bSiK* A S T MNa-ea. 5Ja± 
® BffieSAn-tl-l'IC, Ac3*+ ISOtiflKJilT 

ic§3ini?,-ewiD^LrssAn L. si;M4*asD^ 

jsAn^-r 5o 

©2 ls]Jil±CD«5An®S*fTn.fcl3?%RaSDlfft(C 

mknmm^mr. agfafAnL/^feoiic® z 

•pfflSC^^L. X?feffiiDl*iai-ii^(4Sl5An 

r-efcj:<, cn*s«ssAn-rti«^i£ic:^j:^„ 

R(C, *^BJt^(4, 0.285SC -0. 45XSi - 0. 253i 
Mn-1. 3TJ{Ni -0. g4XCr -0. 55Po -0. 04){ V - 0. 0 445j 
Nh- 0. 045Wr- 0. 0435(A! (Ac,..S : 7 40 r, Ac3,ig : 



'f h A s T M nqt-io. 5(csas urisAn L, 
lOi}, 15:&, 30:&i Lr«5ilL*f7«o, SSS L 

»0^»^^■lco(,^T±i^<!:Ps/j:an^js«gs^J£■^T 

600 t -PIO^ L CO(,>r 14 s 

Pl»= 16.78x10' , 
X 600 t:-ri55>®^S Licot^r (4, 

Pl-= 16.93x10' , 
-CcB So 

tS^r. *^HJ5-C(4 Pl«S 16.8 xlO' /jlS^ 
fr*^ti-/;„ /it. C©^ft(4jJ|^tag[*<580 1; 
■r?(430^jy±©i3SML:6<.i}g/i d i ^r^f ffl"? 

-a^PLKS 16.8 xl0= ffli tlC^-fbia**,!: < s 



ti© (Plh= 16.9XI0M (c-oi,iri!uid©an& 
580'cja±fiop,,s 16.8 xio' ©tirn*^- 

1:-^ Pt«2:16. 8 xlO' L©^#i tTm:£ 

Lfcfe©1?*So 

SttA<AS < ^^^©T-fiSMLfiffittAc, M.yj.'Yt 

^f-ijSBjrSo cn ^.®s»«^i4*^iaffl 
IS ffl ^ fsr sfl cs 1- 4 © T? « I-" d i 14 Mr r- « 5 

^MfflJ 1 
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tfPffieg 61-270355 (11) 



» 1 * (1) 

















<k 




IS » 


(»!«) 
















fl 


C 


Si 


Hn 


Ni' 


Cr 


«0 


w 


V 


Kb 


Zr 


M 


Cu 


Ti 


B 


Ca 








1 


0.28 


0. 29 


0.40 


1,01 


0, 98 


0.78 




0,04 


0. 029 


0.044 


0.039 










0,78 


m 




2 


0.41 


0.31 


0. 12 


0, 86 


0,93 


0. 66. 




0.05 


0, 038 


0.027 


0.042 










0,66 






3 


0. 18 


0.51 


1.02 


0,95 


0,97 


0.37 


0,22 


0. U 


0, 020 


0. 033 


0.059 


0. 46 








0,48 
0. 33 






4 


0. 23 


0. 29 


0.98 


3, 13 


1.05 


0. 33 




0. 14 


0,010 ■ 


0.014 


0. 036 




0.03 










5 


0. 29 


0.30 


0.97 


0,75 


0,93 


0. 90 




0,07 


0, 008 


0. 05 L 


0.041 






0.0012 




0, 90 




6 


0. 30 


0. 27 


1,01 


0,97 


1, 16 


0. 95 




0. 02 


0.011 


0, 044 


0. 056 








0.004 


0.95 


// 




7 


0.28 


0,26 


0.20 


0,42 


1,00 


0. 69 




0. 06 


0. 026 


0. 040 


0. 040 


0. 26 


0.02 






0. 69 


// 




8 


0.40 


0. 30 


0,07 


0, 55 


0.54 




0,72 


0.07 


0, 052 


0. 039 


0, 037 


0.38 




0. 0010 




0.36 




g 


0. 27 


0.32 


0,48 


0, 93 


0.98 


0.61 




0. 06 


0.033 


0. 13 


0. 027 


0.25 






0. 004 


0.61 






10 


0. 26 


0.08 


0. 35 


1,06 


0.85 


0.58 


0. 22 


0.04 


0. H 


0.045 


Q.044 


0. 37 


O.Ol 


0. 0008 




0.69 






11 


0. 18 


0.33 


0,73 


1.48 


0. 86 


0. 46 




0. 03 


0.021 


0.041 


0. 039 


1.25 


0.03 




0. 003 


0. 46 






12 


0.31 


1. 11 


0.92 


1. 11 


1.03 


0.36 


0, 13 


0.03 


0. 029 


0.043 


0.040 


0. 28 




0.0016 


0.003 


0. 45 


ff 




13 


0.21 


0. 44 


1.06 


0. 69 


0.93 


0. 16 


0.88 


0.08 


0. 030 


0.036 


0.048 




0.01 


0. 0009 




0.60 






14 


0.32 


1.03 


1.04 


1.63 


1.05 


0.34 


0. 26 


0.03 


0.022 


0. 041 


0.051 




0.02 




0.003 


0. 47 


// 




15 


0. 17 


0. 44 


1.25 


1.05 


1.78 




0.82 


0.06 


0.036 


0. 032 


0,043 




0.02 


0. 0006 


0.003 


0.41 






16 


0.25 


0. 36 


0, 16 


0,82 


0. 64 


0.96 


0.40 


0.02 


0. 009 


0, 043 


0, 060 






0.0010 


0. 002 


1. 16 






17 


0. 28 


0.28 


0. 27 


0.40 


0.61 


1.00 


0. 18 


0. 02 


0.014 


0.019 


0.039 


0. 27 


0. 02 


O.OOll 


0.002 


1,09 : 


// 




18 


0. 25 


0. 39 


0, 57 


0,85 


1. 37 


0. 25 


0. 32 


0.05 


0. 038 


0.022 


0.036 


0.38 








0.41 






19 


0. 20 


0. 37 


0. 89 


0,70 


0.88 


0.50 


0, 24 


0. 12 


0.068 


0.016 


0.040 




0. 02 




0, 003 


0. 62 






20 


0. 27 


0.38 


0,29 


0,35 


0. 65 


0. 70 


0. 30 


0.06 


0.016 


0. 040 


0.040 


0. 18 




0. 0011 


0.002 


0. 85 


// 



745 


845 1 


750 


820 ! 


735 


845 1 


695 


7G0 1 


735 


845 i 


730 


840 i 

1 


755 


845 


750 


810 1 


750 


835 1 


735 


825 : 


720 


810 ■ 


755 


860 


735 


855 


740 


840 


735 


845 


755 


875 


750 


865 


750 


830 


740 


855 


755 


1 865 
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?fB3BgGl-270355 (12) 



»ia (2) 















<k * 


IS. a (mm%) 
















AC'S 
i *r \ 

\ ^ } 


Ac. lis 
{ ^ 1 


w m 


C 


Si 


Mn 


Hi 


Cr 


Ho 


W 


V 


Nb 


Zr 


A) 


Cu 


Ti 


B 


Ca 








21 


0 12 


0. 30 


0.52 




0.78 


0.50 






0.010 




0.019 






0. 0028 




0.50 




755 


880 


It 


22 


0.26 


0.20 


1.26 


0. 17 


0. 12 


0.05 


» 




♦ 


0.015 


0.038 


0. 17 


0.02 


0.0018 




0.05" 




715 


815 




23 


0.28 


0.31 


1.88 


0. 27 


0. 55 


• 


* 


0.02 


• 


fl. 044 


0. 032 


0. 15 




0. 0073 






// 


710 


805 


m 


24 


0. 27 


0. 30 


0. 35 


0.33 


1.00 


0.23 




0. 06 


• 


♦ 


0. 002* 




0. 02 






0. 23' 


// 


755 


840 




25 


0. 26 


0.54 


1.10 


0. 27 


0. 89 


0. 36 










0.049 






0. 0021 




0. 36 




745 


850 



*2«(1) 



* 



in 



{« A n * ft »i 



915tx30i> »,«. 



920r:x305> + 920tx30^ l(.0. 



900tx^0i> 0.0, 



920tx30^O.a. ^• 320tx30i> 0.0. 



soot X 30^ D.D. 



900tx30^} B.a. 



9DOtx60i> K.O. 



9Z0t;x30» w.o. 



320r x40^^ 0.0. 



920rx30^} B.Q. 



940rx40^O.B. + 9Z0tx40»0.O. 



900CX30» l(.Q. 



920rx30^> 0.0. 



920rx40^)- K.O. 



gootx6o» 0.0. 



920tx60^}aQ. + !!00tx30i> ». Q. 



g40r x45i> O.Q. + 915tx40^> 0. Q. 



9Z0rx30» lt.O. + 920tx30^ l(.a 



9Z0tx40i> l».0. 



900rx45^^ 0.0. 



920t x30i> N. 0. + 920t;x305> B. 0. 



«{Ht£ft iSf2 



530tx45iJ A.C. 



630T:x60^J A.C. 



675t:x30^> A.C. 



650rx60» 0.C 



600rx60» II.C. 



60otx6o» ac. 



600tx60^) A.C. 



610'Cx45i} A.C. 



630tx60» A.C. 



fi20'Cx4S^> O.C. 



600txfiO^ A.C. 



640t;x40» O.C. 



600t:x60» A.C. 



650rx45» A. C. 



610rx60i> A. C. 



»xlO-' 

853 



17.9 



18.1 



18.7 



18.5 



17.5 



17.5 



17.5 



17.5 



18.1 



17.7 



17.5 



18.1 



ASTM Ha 



8. 7 



10.8 



11.0 



9. 0 



9. 4 



9. 3 



(0. mm 



120.9 



-124.2 



113.2 



119. B 



117.9 



114.8 



9. 5 



8. 3 



9. 0 



1 



17.5 



18.3 



650rx45^J A. C. 



600r X60» O.C. 



640t;x40^ O.C. 



625tx603> A.C. 



610tx45» A.C. 



600 1 x6D3} A. C. 



620t:x45» A.C. 



17.8 



13.3 



17.5 



18.1 



18.0 



17.5 



17.5 



17.7 



10.4 



8. 6 



8. 7 



10.7 



10.8 



10.5 



9. 2 



9. 3 



11.1, 



121.0 



119. J 



113.7 



122.1 



119.9 



125.0 



116.2 



111.4 



117.3 



111.9 



114.8 



125. 1 



124.8 



111.8 



113.2 



123.7 



Sin 

ISIS* 



0/5 



0/5 



0/5 



0/6 



0/5 



0/5, 



0/5 



0/5 



0 / 5 



0/5 



0/5 



0/5 



0/5 



0/5 



0/5 



0/5 



0/5 



0/5 



0/5 



0/5 



0/5 



0/5 



«1 : W.O. 

ao. 



^2 



A.C. 

».c. 

O.C. 



m 



SS3 : Pl.= T( 20+106 I ) 



T : t^m&m r K) 
t -.mmKi mm) 
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5fl^B3 61-270355 (13) 



m2a ( 2 ) 



fill a 


J« A n ^ ft sK-l 




^ 3 


km No. 


(0. 2Htt) 
kgf/niiii* 


tin 1 


ib 

m 


21 


920 r x30i}- W. B. 


580t:x30i> W.C 


16.8 


8. 0 


95.4 


0/5 


22 


920t:x40^> W. Q. 


SOOtxia^^ Q.C. 


11.1 


7. 9 


118.2 


5/5 


23 


9fl0t:x3Q^ W.Q. 


580tx30^ A.C. 


16.8 


8. 1 


77. B 


0/5 


24 


940^x30^ W. 0. 


5a0tx30^ w.c. 


16.8 


7. 2 


115.1 


3/5 


25 


340t:x30^^ W.Q. + 940t:x30^> W.Q. 


590t:x60i> A.C. 


17.3 


7. 9 


117.3 


3/5 



m 2 a(c«-r,ivs**^'=.. 
cDsaii 58ot>:i±, Pt«si6.8xio' ®^fe^r-ai 

L-Cfc, 150l<si(105. 51<gf/M')'£-ffl^5Ktft 

5S $ (0. 2%»:/3) *Mt ^.n. L*^foaniK«o?i 

m 3 -aiCiKt-'ffc^E£53'ffiEEffliS26~28^'^Sl L 

JSEK Lffiiffl fe ©(--^('^t t - X f + ^ (A 
STMNo. ) *ffl^L. t«R Lf^OfcffllC-oi,!^^ 

mm 1 b^#Tr?i5Sis®iisn(ift«Ki**ft 

SIC I'd 
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^Pffieg 61-270355 (14) 



« m 

■Cr 






























Ac.ift 
(t) 


Ac.ii 
(t) 


C 


Si 


Mn 


Hi 


Cr 


Mo 


w 


V 


Nb 


It 


Ai 


Cu 


Ti 


B 






A 


26 


0.31 


0. 29 


0.44 


0. 97 


1. 10 


0. 49 




0. 07 


0. 042 


0.050 


0. 039 


0.25 




0. 0012 


0.49 




745 


825 




27 


0. 28 


0. 28 


1. 10 


1. 15 


0.70 


0. 43 


0. 18 


0.05 


0.040 


0.023 


0. 052 




0, 02 


0.0010 


0. 52 


// 


720 


B25 


B 


28 


0.23 


0.12 


1. 97 


0.Z3 


0. 08 


0. li 




0.04 


♦ 




0. 026 






0. 0014 


0, ll 


// 


700 


815 



B mm 



^4* 





«i A n ^fe ft «i 




^3 


ASTM Na 


(0. 2tttt) 
kgf/mai' 


mn 






920T:x30tl>(2) W.Q. 


640tx45iJ A.C. 


1-8.1 


10.9 


124.8 


0 / 5 




26 


920 rx 30^(1) W.Q. + 9O0'Cx3O«»(2) W.Q. 


640t:x60» A.C. 


18.3 


11.8 


127,8 


0/5 


i 


950'Cx30g'(2) O.Q. + 920t: x20ij>(2) W. Q. 


675t;x30^> W.C. 


18.7 


12.7 


118.2 


0/5 




27 


920tx30&-(2) W. Q. 


B20t:x605> W. C. 


17.9 


10.6 


119.8 


0/5 




900t;x30i>{l) W.Q. + 920t: X 30^(2) W.Q. 


650t:x60^> A. C. 


18.5 


11.8 


110.7 


0/5 


it 


28 


920t x30ii'(2) W.Q. 


saorxsoij A.C. 


16.8 


9. 8 


87.4 


0/5 


950tx20g>(2) W.Q. 


540t:x30^ l».C. 


16.0 


9. 4 


92.4 


0 / 5 






.90ntx30g'(2) W.Q. 


380rxio^ A.C. 


12.8 


9. 7 


119. 8 


5/5 



: Pi.«=T( 20+Iog t ) 
(aU T :«SRSS ( ' K) 

t ; m^fn mm 



i«l : W.Q. •■ TKKAn (D-i^ipJ^ iS2 :iSKU«^TSD,«r 

O.Q. ■ »«lAn C2> ■ IS»Jl!lJft 

A.C. 

(I.e. 
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miBS 61-270355 (15) 



m4 «l=*L/c^mS^'?.fc« *5gBJ!®^t^fi)t5> 
o 15 ffl CD IS « 580 i:Ki±, PLKai6.8xrO= ® 
^^-eitfeS L LT fclSOloi C105. 5kgf/rai»') 

mmm 3 

mm 1 <!:[^i;*<*t??i3SSKiisniSi4aift*<f 





«E A n * # «i 




PlkXIO-' 
^3 


ASTM Na 


(0. 2%mti) 


fin 








920t:x305^ W. 0. + Boot X 20^5- W.Q. 


600"Cx45i^ A.C. 


17.4 


10.8 


120.8 


0/5 


A 






92013 x305> W. Q. + 880tx20^ W. Q. 


esotxisij «.c. 


17.9 


10.9 


■ 119.3 


0/5 


A 


i 




gSOtxSfl^J ».Q. + 900t:x20^ W.Q. 


625tx 1^ A.C. 


18.4 


10.6 


121.2 


2/5 


B 




27 


920tx30i5- W. Q. + 920t; x20:» «. Q. 


SOOtx 300^5- A. C. 


16.0 


10.5 


119.7 


3/5 


B 






llOOt x3fl^> O.Q. 


550 tx 180^ A.C. 


16.9 


4. 8 


115.4 


3/5 


B 






iiootxao^ W.Q. 


600t:x20^ W.C. 


17.0 


4. 8 


113.9 


3/5 


B 



«1 



W. Q. 
0.0. 



iS«2 : A.C. 

».c. 



;tM*iKffe S«3 : Pl«=T( 20+ log t ) 

t : mm (^m) 



—319— 



?*l?3Bg 61-270355 (16) 



m 5 *^sjcDSS1-S^b^)5E^ 

warn 3 so -5 ^ ®*%»JOja:tt-5'fb^s$;5> 
liSll®Mftffl-eS-5ai26^ilD3ft • EiESfe, BBS 

STMNa) ^aSL. i« ^ L ffl © (c o r il 






fffl 




S»i%An^# 




PlkXIO-' 

«2 


ASTM Na 


(0. 2%nitj) 
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wn 


» 
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920t:x30»(l) W.O. + 700t;x20^fO A.C, 


920t:x20|t(2) W. Q. 


645tx45^J{y H.C, 


13,2 


12.7 


12 5.1 
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640t:x40»(ll A.C. 
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1 2 3. a 
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640tx30»(ll W.C. 


18.0 


7, 2 


114.9 
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920tx20^1) l(.0. 


610t:x60»(l) II.C. 


17.7 


10.7 


12 3.9 


0 / 5 


A 
























iftffiaiooor*>^ig»*«!Aft 


980rx30»(l) ».0. 


610tx6fliJ(l) A.C. 
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9. 8 


119.8 


0/5 


A 



!f.Q. ■ *«Aft 

o.c. • mxn 

A.C. • ±%<pm 

*.t. ■■■■ m 
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i«2 : Pl«=T( 20 + log t ) 
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t -.mm Im) 



★ : A" 

B ■ ibIBtH 
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^ A s T M fcuB. 5 si±\::mmLxmxnt^'^. 
sfisBm 1 sierras® a ■&*%Bjcojsas-r5'ft; 

#SE5>IEffl®?fa«S"P*5ffl 1 , 2,14. 15R.C; 

SE (ASTMNa) jffiSLSCtiOl^-^ 
XSISS^ 1 (C«*DT, HCl-ppH^ 3. SiCjS^L/; 

7 Slci^-f o 



i3 ff 


«i A n ^ # 




Pt«xlO-» 


i-mn 

ASTM Na 


(0. 2%Sh) 

Kgf/oim^ 


fin 


* 

as 


1 


950t:x30^ W.O. + 920t:x305> W. Q. 


fiWVxWj^ W.C. 


18.1 


10.4 


123.5 


0/5 


2 


920t:x30» O.Q. 


6501: X 60^ W.C. 


18.5 


8. 9 


114.8 


0/5 


14 


950tx30^ W.Q. + 9001: X 30^ W.Q. 


600i:x6fl^ A.C. 


17.5 


10,3 


113.9 


2/5 


15 


900'CX45^ W.Q. 


6301: X 45^ A.C. 


17.9 


8. 7 


110.1 


1/5 


i3 


24 


9401: x305> W.Q. 


600tx45^ A.C. 


17.4 


7. 9 


111.4 


4/5 



»E1 : W.Q. 
O.Q. 



?4iKAn 



i«2 : A.C. 
«.C. 



»S3 : Pl.= T( 20+log t 



{iU T 
t 



m 7 sic.T:r,ig**> *^aj3ojgs-rsft¥ 

6£^>«Sllffl>r^^SJffl "Br (Si+Mn) A< 

0.80%MTfflaS 1 , 2 litepHOSJgT-CfeHSft 

±2LfcSp<, *Sl?fl€>JStc: J: t) , 150ksi 
(105. Skgf/moi') '£-a;i5iS^Si«nfcHgn«E 

t S CD-e* 5 0 

aBO, m 1 EI(a)HS»fr:^tt:0^?aia. m 1 EI(b) 



^Fffieg 61-270355 (18) 

m 2 Htt. nOksi (119. 5kgf/mrn') jE {f CD |^ fit ?S 
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X 
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X 
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